Abstract
Introduction

56
Numerous patterns in ecology and evolution vary across the phylogenetic hierarchy (Fig. 1) .
57
Species diversity declines with latitude across higher taxa but not necessarily across their 58 constituent families and genera (Kindlman et al., 2007) . Phylogenetic delimitation of species pools 59 influences our inferences about the processes that form local communities (Cavender-Bares et al., 60 2009). Many other, similar examples further illustrate that patterns in ecology and evolution often 61 depend on phylogenetic scale (Fig. 1 ). Yet, unlike the extensively developed concepts of spatial 62 and temporal scale where scale dependence in the patterns and processes driving variation in 63 diversity has long been acknowledged (Wiens, 1989; Levin, 1992) , the importance of phylogenetic 64 scale has only recently begun to be recognized. Here, we formalize and develop the concept of 65 phylogenetic scale, summarize how it has been considered across disciplines, provide empirical 66 guidelines for the treatment of phylogenetic scale, and suggest further research directions.
68
Inspired by the concept of spatial scale (Wiens, 1989; Levin, 1992) , we define phylogenetic scale be constant while the number of genera seems to increase continually over geological time, 75 suggesting that different mechanisms produce genus-level and family-level diversity (Benton & 76 Emerson, 2007). In community ecology, clade-wide analyses typically suggest that communities The concept of phylogenetic scale seems particularly pertinent given the growing body of research 83 and statistical methods to explore the increasingly accurate and ever more complete phylogenetic 84 data (Table 1) . Yet, few studies have extended the explorative strategies to systematically 85 .
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/063560 doi: bioRxiv preprint first posted online Jul. 12, 2016; 4 investigate phylogenetic scale-dependence (upscaling, downscaling), delimit phylogenetic 86 domains of ecological theories (e.g. niche conservatism, environmental filtering and competition), 87 or test the universality of ecological laws (e.g. species-abundance distributions, latitudinal 88 gradients). We contend that the full potential of the phylogenetic data, and the methods at hand, 89 have not yet been fully realized, and further progress might be precipitated by a more focused and 90 formalized treatment of phylogenetic scale, akin to that commonly applied across temporal and 91 spatial scales (Wiens, 1989; Levin, 1992) .
93
Here we overview the variety of ways in which different disciplines have either implicitly or 94 explicitly considered phylogenetic scale, highlighting their respective benefits and pitfalls. We 95 further propose how these efforts might be consolidated under one conceptual and empirical 96 framework that would provide the common ground for cross-disciplinary discussion. In particular,
97
we define and formalize the concept of phylogenetic scale, distinguish between phylogenetic grain 98 and extent, scale-dependence, phylogenetic scaling and the domains of scale. We also provide 99 practical guidelines for the treatment of phylogenetic scale across empirical studies, using the data 100 and statistical methods currently available. We hope this will inspire further debate, draw more 101 focused attention to the subject, and advance the notion of phylogenetic scale in ecology and 102 evolution. Phylogenetic scale has been considered to varying degrees in ecology and evolution, from being 107 largely neglected to being relatively well-developed. In this section, we describe research that has 108 implicitly or explicitly considered phylogenetic scale and suggest how different disciplines might 109 further benefit from this concept. (Table 1) , most studies report the recovered patterns without a focused examination of their scale-
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126
(http://esapubs.org/Archive/ecol/E090/184/default.htm).
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. divergence, diversification dynamics, diversity patterns).
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In some cases, it may be useful to work with non-standardized grains which represent more 155 natural units of analysis (e.g. islands in spatial scaling or island faunas in phylogenetic scaling).
156
The extents will then be defined correspondingly, so as to cover all of the units analyzed (e.g. all 157 islands or the entire biotas across islands). Finally, grain and extent are defined only in relation to 158 each other. The grain from one study can therefore act as an extent in another study, or vice versa.
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. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/063560 doi: bioRxiv preprint first posted online Jul. 12, 2016; FIGURE (Box 1): Geographic and phylogenetic scale. identify the processes that may have produced it (Gerhold et al., 2015) . The evaluation of how 246 community structure changes across phylogenetic scales, potentially using recently developed 247 statistical approaches (see Table 1 ) might be a particularly powerful strategy to capture community 248 structure more completely and disentangle the interplay of processes that have produced the 249 community. We also advocate that community metrics are complemented by experimental results 
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The fact that some statistical patterns do not hold across phylogenetic scales implies either that the 328 theories that assume patterns are universal (e.g., those theories based on geometry) are The above overview demonstrates that the consideration of phylogenetic scale varies across fields, 337 both in terms of the approach used to consider phylogenetic scale and the vocabulary used to 338 describe it. Therefore, there is value in developing a common language to discuss and study processes. Therefore, it should be possible to extrapolate across phylogenetic scales within 398 domains, but not across scales between them.
399
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FIGURE (BOX 2)
: Numerous attributes can be studied across phylogenetic scales. These may 400 include diversification measures, statistical relationships between ecological variables, parameters 401 of frequency distributions, metrics that describe community phylogenetic structure, or measures 402 of niche conservatism (see Table 1 ). Phylogenetic scale can be defined in terms of clade age, clade 403 size, taxonomic rank, the degree of molecular or phenotypic divergence, etc., depending on the 404 question under study. phylogeny, be more prevalent at particular scales, or stay unchanged across a discrete set of 421 mutually nested clades (Box 2). We refer to the latter as a domain of phylogenetic scale which, in 422 analogy to spatial domains (Wiens, 1989 ), corresponds to a segment of phylogeny that reveals 423 homogeneity in the attribute of interest. In this section, we consider conceptual and methodological 424 approaches to explore patterns which are phylogenetic scale-dependent. were obscured when the entire tree was evaluated (Morlon et al., 2011) .
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In some cases, it may be difficult or even undesirable to specify, a priori, a specific set of scales. nestedness. Non-independence can be readily accommodated by widely used comparative methods
471
(e.g. PIC, PGLS) (Hurlbert, 1984; Felsenstein, 1985) . These methods typically estimate the same 472 parameters as their conventional counterparts (e.g. intercepts, regression slopes, group means) but 473 adjust the confidence intervals of these parameters based on the inferred degree of phylogenetic 474 correlation in the data (Hurlbert, 1984; Felsenstein, 1985) . The nestedness of the data is more We have discussed phylogenetic scale largely in isolation from spatial and temporal scales, but 543 these types of scale will often be related. For instance, competitive exclusion may be prominent 
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We hope that the perspective presented here will spur further theoretical, empirical, and 556 methodological research. Explicit consideration of phylogenetic scale may turn our focus away 557 from the importance of particular mechanisms (diversification, trait evolution, niche conservatism) 558 toward the appreciation for the interplay of multiple processes which together, but over different 559 phylogenetic scales, shape the diversity of life. 
